SUMMARY The physiologic correlates of ejection sounds have been studied by simultaneous phonocardiograms, echocardiograms and high fidelity pressure tracings. Ejection sounds associated with semilunar valve stenosis or hypertension of the systemic or pulmonary circulation occur at the moment of complete opening of the aortic or pulmonary valve recorded echocardiographically. The start of opening of these valves occurs at the onset of the pressure EJECTION SOUNDS are a well recognized clinical sign in patients with noncalcific aortic and pulmonary valve stenosis"' 2 and there is good evidence to suggest that these sounds are caused by the checking of the opening movement of the thickened semilunar valve.3' Ejection sounds also occur in a variety of situations in which the semilunar valves are not stenotic. In such conditions, for example pulmonary hypertension5 or truncus arteriosus,6 the common feature of a dilated great vessel has led to the use of the term "root sounds" to describe the associated ejection sounds.7 Important studies using intracardiac phonocardiography and high fidelity pressure recordings have indicated that root sounds occur slightly before valve ejection sounds" suggesting that the two categories of ejection sound may have differing origins. Combined echo and phonocardiographic studies, however, have shown that in aortic and pulmonary valve stenosis, truncus arteriosus and pulmonary hypertension, the ejection sounds all occur at the moment of full opening of the corresponding semilunar valve,9-"1 conflicting with the concept that root sounds occur earlier than valve ejection sounds. In an attempt to reconcile these differences, the present study was designed to examine the relationship between ejection sounds, high fidelity pressure recordings, and echocardiographic semilunar valve motion.
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rise in the corresponding great vessel and completion of valve opening always occurs on the pressure upstroke. The ejection sound in the presence of stenotic valves occurs with checking of the opening motion of the thickened valve cusps. Although the hypertensive ejection sounds also occur at the precise moment of full opening of the valve it remains to be seen whether this relationship is causal or coincidental.
Patients and Methods

Patients
Section A -Combined Cardiac Catheterization/ Echocardiographic Studies All patients selected for this part of the investigation had been scheduled for routine diagnostic cardiac catheterization and informed consent was obtained from each. Patients were studied during cardiac catheterization only if prior routine echocardiographic studies had shown technically excellent tracings of semilunar valve motion. Group 1: Patients with Normal Semilunar Valves and No Ejection Sound. In order to determine the temporal relationship between semilunar valve motion and pressure changes in the aorta and the pulmonary artery, 12 patients without semilunar valve stenosis were studied during cardiac catheterization. In six patients, a high fidelity catheter was positioned in the aortic root, and the aortic valve echocardiogram was recorded simultaneously with the high fidelity pressure. In the other six patients, the high fidelity catheter was placed just distal to the pulmonary valve and the pulmonary valve echocardiogram was recorded together with the pulmonary artery pressure.
Group 2: Patients with Ejection Sounds. Eleven patients in whom an ejection sound was present were studied using simultaneous phonocardiography, echocardiography, and high fidelity pressure recordings. Four of these patients had noncalcific aortic valve stenosis, and three had pulmonary hypertension. Pertinent clinical details are contained in table 1.
Section B -Echophonocardiographic Observation of Ejection Sounds by Noninvasive Techniques 1) Fifteen patients with poorly controlled hypertension were studied by combined echophonocardiography, particular attention being paid to tricuspid valve closure and aortic valve opening. The intent was to investigate the possible presence of ejection sounds in patients with severe hypertension, rather than define the incidence of such sounds in the hypertensive population.
2) Owing to the delay in the onset of right ventricular systole compared with left ventricular systole, the interval between tricuspid valve closure and aortic valve opening may be so short as to lead to difficulty in analyzing relationships between sounds and valve motion. We have therefore studied ejection sounds using simultaneous dual echophonocardiography. Technically Pulmonary Valve and Pulmonary Artery Pressure. Initial separation of the pulmonary valve cusps is rarely seen echocardiographically, and therefore it is difficult to precisely define this point in relation to pressure changes in the pulmonary artery. A typical record is shown in figure  2A . In patients in sinus rhythm, following the "a" dip in the pulmonary valve echocardiogram a gradual posterior motion is seen. This is followed by a more rapid opening mo- 
Echocardiographically
In each of the eleven patients with ejection sounds, the moment of complete semilunar valve opening occurred during the pressure upstroke -a relationship between pressure change and valve motion similar to that found in the patients with ejection sounds.
In two patients with systemic hypertension and three patients with pulmonary hypertension the ejection sound occurred at complete opening of the respective semilunar valve ( fig. 3 ), these points falling on the respective upstrokes of the pulmonary artery and aortic pressure curves. The hypertensive ejection sounds therefore occurred after the initial rise of pressure in the corresponding great vessel. In four patients with aortic valve stenosis and two patients with pulmonary valve stenosis, the onset of the ejection sound coincided with complete opening of the aortic and pulmonary valves (figs. 4 and 5) and occurred on the pressure upstroke. The phonocardiographic characteristics of the ejection sound associated with systemic hypertension are similar to those of pulmonary hypertensive ejection sounds. Hypertensive sounds tend to be poorly transmitted from the aortic and pulmonary areas, and in this respect they differ from ejection sounds associated with aortic valve stenosis. The noninvasive studies show that in systemic hypertension, the ejection sound occurs at the moment of complete aortic valve opening, and may be regarded as an aortic hypertensive ejection sound. It has been suggested that these sounds are an accentuation of one of the normal components of the first sound.7' 18 Low frequency vibrations occurring after the two high frequency components of the first heart sound are sometimes encountered in routine echophonocardiographic studies. A striking example of such a sound is shown in figure 8 . The noise clearly occurs during aortic valve opening and continues well after tricuspid valve closure. Although this may represent the aortic component of the first heart sound, it seems doubtful that these coarse vibrations could be the basis of the discrete high frequency aortic hypertensive ejection sound shown in figure 6 .
The circumstances surrounding the genesis of pulmonary and aortic ejection sounds present a striking analogy with mitral valve opening snaps. In each instance, a high frequency sound is typically associated with noncalcified but stenotic cusps or leaflets, and occurs at the moment of full opening excursion of the valve.19 However, a sound coinciding with valve opening also may occur when the valve structure appears to be normal and the relationship of onset of the sound to complete opening of the valve is maintained. 20 Two conclusions may be drawn from the present study: 1) hypertensive ejection sounds have the same temporal relationship to valve motion as do ejection sounds caused by structurally abnormal valves; 2) hypertensive ejection sounds are not related to either the onset of pressure rise or the achievement of peak pressure in the root of the aorta or _.7 .,,# , Infective endocarditis of the mitral valve has been shown to produce shaggy echoes on the valve leaflets.7 15 Several reports have indicated the susceptibility of patients with mitral prolapse to infective endocarditis.s-i Allen and coworkers followed 62 cases with late systolic murmurs over a mean period of 13.8 years,12 during which five patients developed bacterial endocarditis. Popp observed that 20 to 30% of patients with isolated mitral valve endocarditis have echographic, angiographic or pathologic evidence of prolapse.'3 Since echocardiography is useful in the evaluation of mitral valve prolapse (MVP) and valvular vegetations, it should be of value in the diagnosis of infective endocarditis in patients with MVP. This paper points out the limitations of diagnostic ultrasound in the detection of valvular vegetations in subjects with MVP.
Materials and Methods
A retrospective analysis of the echocardiograms of 85 consecutive patients with mitral valve prolapse was performed. The group consisted of 46 females and 39 males whose ages ranged from nine to 78 years (mean 37 years). The patients were examined in the supine position with a present multiple surfaces for the production of echoes may explain the abnormal echoes that were observed. Patients with echographic features suggesting mild prolapse less commonly exhibited shaggy leaflet echoes than those with more severe prolapse. Because a significant proportion (40%) of patients with MVP had shaggy echoes which closely resembled those seen in valvular vegetations, we feel that the echocardiogram is of limited value in diagnosing infective endocarditis in patients with mitral valve prolapse.
2.25 MHz, 0.5 inch, 10 cm focus transducer, an Ekoline 20 ultrasonoscope and a Honeywell 1856 recorder. The echocardiograms were performed from the interspace from which the mitral valve could be visualized by perpendicular or near perpendicular placement of the transducer. Care was taken to avoid false positive diagnosis of prolapse due to inferior angulation of the transducer.'4 Optimal damping was used to obtain sharp echoes from the mitral leaflets. A sweep from the aortic root to the left ventricle was made in each instance. The extent of valve prolapse was determined by measuring the vertical distance from the point of maximal prolapse to the CD segment of the mitral valve.'4 The echocardiograms were examined independently by two observers for the presence of thick shaggy echoes on the mitral valve leaflets in diastole. Multiple echoes noted only during systole were not considered abnormal. Multiple, discrete, linear echoes in diastole or mild thickening of the leaflets also were not construed as abnormal.
Results
All the patients had either the classical mid-systolic or holosystolic variety of mitral valve prolapse.'4 Thirty-four patients were observed to have clearly abnormal diastolic echoes. Eleven patients had thick shaggy echoes limited to the anterior mitral leaflet; eighteen were noted to have shaggy echoes on the posterior mitral leaflet; and five patients had abnormal echoes on both leaflets. There was disagreement between the two observers in six cases; these records therefore were not considered abnormal. Mild mitral valve prolapse (< 5 mm) was observed in 38 patients, seven of whom (18%) had shaggy echoes on the leaflets.
